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© Packet switching system using idle/busy status of output buffers. 



© A packet switching system comprises input buff- 
ers and output buffers, and a self-routing network for 
routing packets from the input buffers to the output 
buffers according to the routing information con- 
tained in their header. An input controller (13) asso- 
ciated with each input buffer, includes an idle/busy 
memory. An output controller (19), associated with 
each output buffer, detects the idle space of the 
associated output buffer and determines if the idle 
space is greater than a predetermined value. If the 
idle space is determined to be greater than the 



predetermined value, an idle status bit is generated 
and if the idle space is determined to be smaller 
than the predetermined value, a busy status bit is 
generated. The idle and busy status bits are broad- 
cast to the idle/busy memory of all input controllers. 
Each input controller (13) writes an incoming packet 
into the associated input buffer and reads it onto the 
self-routing network if an idle status bit is stored in 
the idle/busy memory corresponding to the routing 
information of the incoming packet. 
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The present invention relates generally to 
packet switching systems, and more specifically to 
a packet switching system of the input-output buf- 
fering type for switching packets such as asyn- 
chronous transfer mode (ATM) cells. 

In a packet switching system of the input and 
output buffering type, as described in a paper "A 
very high-speed ATM switch with input and output 
buffers", Yukihiko Do et al, ISS'92 pages 231-235, 
incoming packets are stored In an input buffer and 
launched onto a self-routing network where it is 
routed to a destination output buffer according to 
the routing information of the packets. To achieve 
high throughput, it is necessary to provide as many 
high capacity output buffers as possible for bursty 
traffic and to provide a high speed scheduling 
algorithm for multicast traffic. It is still desirable to 
reduce the amount of output buffers required and 
to simplify the scheduling algorithm for both point- 
to-point and multicast traffic. 

H is therefore an object of the present invention 
to provide a high throughput packet switching sys- 
}nm which eliminates the need for high capacity 
output buffers. 

Another object of the present invention is to 
ptovide a high throughput packet switching system 
*n»cn can be implemented with a simplified sched- 
ubng algorithm for both point-to-point and multicast 
traffic. 

According to a broader aspect of the present 
invention, there is provided a packet switching sys- 
tem comprising a plurality of input buffers con- 
nected respectively to a plurality of incoming links 
and a plurality output buffers connected respec- 
tively to a plurality of outgoing links. A self-routing 
network is connected between the input and output 
buffers for routing packets from the input buffers to 
the output buffers according to routing information 
contained in their header. A plurality of output 
controllers are associated respectively with the out- 
put buffers. Each output controller determines the 
idle space of the associated output buffer which is 
available for storing additional packets and deter- 
mines whether the idle space is greater than a 
predetermined value. If the idle space is deter- 
mined to be greater than the predetermined value, 
an idle status bit is generated and if the idle space 
is determined to be smaller than the predetermined 
value, a busy status bit is generated. A plurality of 
input controllers are associated respectively with 
the input buffers for storing the idle and busy 
status bits from the output controllers in an 
idle/busy memory and writing an incoming packet 
into the associated input buffer. Each input control- 
ler reads a packet from the associated input buffer 
onto the self-routing network if an idle status bit is 
stored in the idle/busy memory corresponding to 
the destination of the stored packet. 
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According to a second aspect of the present 
invention, there is provided a packet switching sys- 
tem which comprises input buffers connected re- 
spectively to incoming links, output buffers con- 

5 nected respectively to outgoing links, and a self- 
routing network for routing packets from the input 
buffers to the output buffers according to routing 
information contained in the packets. A plurality of 
output controllers are associated respectively with 

w the output buffers for determining an idle space of 
the associated output buffer which is available for 
storing additional point-to-point packets and addi- 
tional multicast packets. Each output controller de- 
termines whether the idle space of point-to-point 

15 packets is greater than a first predetermined value 
and determines whether the idle space is greater 
than a second predetermined value smaller than 
the first predetermined value, and. generates a first 
idle status bit or a first busy status bit into an 

20 idle/busy status memory if the idle space is deter- 
mined to be greater or smaller than the first pre- 
determined value, respectively, and generates a 
second idle status bit or a second busy status bit if 
the idle space is determined to be greater or 

25 smaller than the second predetermined value, re- 
spectively. A plurality of input controllers are asso- 
ciated respectively with the input buffers for storing 
the first idle and busy status bits and the second 
idle and busy status bits in an idle/busy memory 

30 and storing an incoming point-to-point packet into 
the associated input buffer and reading it if a first 
idle status bit is stored in the idle/busy memory 
corresponding to the destination of the point-to- 
point packet, and writing an incoming multicast 

35 packet into the associated input buffer and reading 
it if a second idle status bit is stored in the 
idle/busy memory corresponding to the incoming 
multicast packet. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in fur- 
ther detail with reference to the accompanying 
drawings, in which: 
45 Fig. 1 is a block diagram of an ATM self-routing 
switching system according to the present in- 
vention; 

Fig. 2 is a table illustrating the idle/busy status 
bits generated by an output controller according 

so to different cell types and stored in the idle/busy 
status memory of each input controller; 
Fig. 3 is a flowchart of a sequence of instruc- 
tions performed by a selector of an input con- 
troller when a cell is read out of an associated 

55 RIRO memory; and 

Fig. 4 is a modified version of the flowchart of 
Fig. 3. 
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DETAILED DESCRIPTION 

Referring now to Fig. 1, there is shown an 
asynchronous transfer mode (ATM) switching sys- 
tem according to the present invention. The switch- 
ing system comprises a plurality of line circuits 11i 
- 11 N which respectively serve as interfaces be- 
tween incoming links 10i - 10n and input buffers, 
or random-in-random-out memories 12i - 12n. 
Connected respectively to the line circuits 11i ~ 
11 N and RIRO memories 12i - 12 N are input 
controllers 13t - 13 N , each of which provides ad- 
dress control on incoming ATM cells to determine 
their write and read addresses of the associated 
RIRO memory in a manner as will be described in 
detail later. A header translation table 14 is con- 
nected to the line circuits 11i - 11N to translate 
the VCI/VPI (virtual call identifier/virtual path iden- 
tifier) field contained in the header of each incom- 
ing packet, called "ATM cell" to an outgoing link 
address (OLA) that specifies the appropriate out- 
going link of the switching system in a well known 
manner. Each incoming cell contains a cell type 
field in its header to indicate the type of the cell as 
constant bit rate (CBR), variable bit rate (VBR), a 
point-to-point, or multicast data or a combination of 
these. Following the header translation on an In- 
coming ATM cell, each line circuit 11j (where i = 
1, 2, ... N) supplies the cell type (CT) data and the 
outgoing link address (OLA) to the associated input 
controller 13 s and the whole contents of the cell to 
the associated RIRO memory 12 s where the cell is 
stored in a location specified by a write address 
WA supplied from input controller 13 s and even- 
tually read out of the RIRO memory 12 f in re- 
sponse to a read address RA from input controller 
13 s . 

The outputs of RIRO memories 12i - 12 N are 
connected to a self-routing network 15 which in- 
cludes a time division bus 16, on which the outputs 
of RIRO memories 12 are time-division multiplex- 
ed, and a plurality of address filters 17i - 17 N 
connected to the bus 16. Address filters 17| are 
provided corresponding respectively to the outgo- 
ing links 20j and are assigned the output link ad- 
dress (OLA) of the corresponding output link plus 
two cell type identifiers identifying respectively 
CBR and VBR cells. Each address filter 17 has two 
output terminals for respectively delivering CBR 
and VBR cells to the output buffers of a cor- 
responding pair. Each address filter allows passage 
of those ATM cells to one of the output buffers of 
the corresponding pair if it contains the output link 
address of the address filter and one of the eel! 
type identifiers of the address filter. The outgoing 
buffers are implemented with first-in-first-out 
memories CBRi - CBR N for exclusively storing 
CBR cells and FIFO memories VBRi - VBR N for 



exclusively storing VRB cells. The outputs of the 
FIFO memories of each pair are connected to- 
gether to a corresponding one of outgoing link 20i 
~ 20 N . 

5 A plurality of output controllers 19i - 19n are 

connected to outgoing FIFO memories CBRi — 
CBR N and VBRi - VBR Nt respectively. Each out- 
put controller includes an idle space (cell) counters 
30 and 32 respectively connected to the associated 

70 FIFO memories to identify the type of cells stored 
in the associated FIFO memory using their cell 
type field and detect the number of cells of particu- 
lar type that can be stored in each of the asso- 
ciated FIFO memories. Comparators 31 and 33 are 

is connected to the output of idle space counters 30 
and 32, respectively, for making a comparison be- 
tween the idle space count from the respective idle 
space counter with reference values N and 2N to 
produce a logic-0 (idle) which indicates that a des- 

20 tination FIFO memory has a sufficient amount of 
idle space for accepting cells or a logic logic-1 
indicating that it has not. 

More specifically, comparator 31 produces a 0 
if the idle space count in the FIFO memories CBRi 

25 (where i = 1. 2, N) is equal to or greater than N 
or a 1 if the idle space count is smaller than N. 
Comparator 31 further produces a 0 if the idle 
space count in the FIFO memories CBRi is equal 
to or greater than 2N or a 1 if the idle space count 

30 is smaller than 2N. Likewise, comparator 33 pro- 
duces a 0 if the idle space count in the FIFO 
memories VBR f is equal to or greater than N or a 1 
if the idle space count is smaller than N. Compara- 
tor 33 further produces a 0 if the idle space count 

35 in the FIFO memories VBRi is equal to or greater 
than 2N or a 1 if the idle space count is smaller 
than 2N. 

A priority selector 34 is further provided in 
each of the output controllers 19. Priority selector 

40 34 is connected to the FIFO memories of the 
associated pair for reading a CBR cell first from the 
CBR memory of the pair if a VBR cell is simulta- 
neously stored in the VBR memory of the pair. 
The comparators 31 and 33 of each output 

45 controller supply their idle/busy status bits to a 
write circuit 21. Write circuit 21 sequentially selects 
the output controllers to receive their output signals 
and produces a write address signal and broad- 
casts it together with the idle/busy status bits to all 

so input controllers 13. 

Each input controller 13 includes an input se- 
lector 40 and an output selector 44. Connected 
between the input and output selectors 40 and 44 
are a plurality of FIFO memories 41, 42, 43t ~ 43 N 

55 for respectively storing different types (priority and 
destination) of cells. An idle address queue 45 is 
connected between an output terminal of selector 
44 and an Input of selector 40 for storing idle 
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addresses that can be used as a write address for 
each incoming cell. Further provided in each input 
controller is an idle/busy memory 46 for storing the 
idle/busy status bits broadcast from the write circuit 
21 as shown In Fig. 2. 5 

The selector 40 of each input controller re- 
ceives the CT and OLA fields of an incoming cell 
from the associated line circuit 11. On receiving the 
CT/OLA data, selector 40 reads an idle address 
from queue 45 and supplies it to the write address io 
input of the associated RIRO memory 12 for writing 
the incoming cell into the memory 12. At the same 
time, it appends the CT/OLA data to the write 
address to form a read address signal and supplies 
it to one of the memories 41, 42, 43i - 43 N is 
according to the type of the cell now stored in the 
RIRO memory 12. 

CBR cells of either point-to-point or multicast 
type are stored in queue 41. VBR multicast cells 
are stored in queue 42 and VBR point-to-point cells 20 
are stored into one of the memories 43i - 43 N 
according to their destinations indicated by their 
OLA data. Note that CBR cells are given highest 
priority, VBR multicast cells second priority, and 
VBR point-to-point cells lowest priority. 25 

The operation of the output selector 44 will be 
described with reference to Fig. 3. Selector 44 
receives the system clock to determine the slot 
timing for reading an address signal (step 50), set 
a variable Q to zero (step 51), and accesses the 30 
output end of queues 41, 42 and 43, starting with 
queue 41 to determine whether an address signal 
is stored in that queue (step 52). If there is one, 
control branches at step 52 to step 53 to read the 
stored address signal and apply the CT and OLA 35 
data of the address signal to the idle/busy memory 
46. An idle/busy status bit is therefore read out of a 
location of the idle/busy memory 46 corresponding 
to the cell to be read out of the associated RIRO 
memory 12. At step 54, the variable Q is incre- 40 
mented by 1 and, at step 55, control determines 
whether the idle/busy status bit from the idle/busy 
memory 46 is 1 or 0. If the idle/busy status bit is 1 , 
control returns to step 52 to repeat the process on 
the output end of the next queue, and if it is 0, 45 
control branches to step 56 to supply the address 
data retrieved at step 53 to the associated RIRO 
memory 12 as a read address and to idle address 
queue 45 as an idle address. Control proceeds to 
step 57 to, check to see if the variable Q is equal 50 
to K which indicates the number of memories 41, 
42 and 43. If Q < K, control returns to step 52 to 
repeat the* above process on the next queue, and if 
Q = K, it returns to step 50. If the decision at step 
52 is negative, step 58 is executed by increment- 55 
ing the variable Q by 1 and the value of Q is then 
checked at step 56. 



In this way, those cells on which decision is 
made that their destination output buffers are not 
sufficient to accept are left in their memories until 
the destination output buffers are made available. 

The advantageous effect of the present inven- 
tion is that the storage capacity of each output 
buffer can be reduced and scheduling of cells to 
be launched into the self-routing network 15 from 
each input buffer can be performed at relatively low 
speed. 

A modified embodiment is shown in Fig. 4 in 
which priorities are assigned to memories 43 by 
taking into account the number of address signals 
stored in each of these memories 43 as well as the 
cell type of the stored address signals. As illus- 
trated, step 60 is provided between steps 51 and 
52 of flowchart of Fig. 3 for counting the address 
signals stored In each of the memories 41, 42, 43i 
- 43 N and priorities are respectively assigned to 
these memories according to their stored address 
counts and their cell types, so that address signals 
are read from these memories according to the 
assigned priorities at step 52. 

Claims 

1, A packet switching system comprising: 

a plurality of input buffers connected re- 
spectively to a plurality of incoming links; 

a plurality output buffers connected re- 
spectively to a plurality of outgoing links; 

a routing network connected between said 
input buffers and said output buffers for routing 
packets from the input buffers to the output 
buffers according to routing information con- 
tained in the packets; 

a plurality of output controllers associated 
respectively with said output buffers, each of 
the output controllers determining an idle 
space of the associated output buffer which is 
available for storing additional packets and de- 
termining whether the idle space is greater 
than a predetermined value, and generating an 
idle status bit if the idle space is determined to 
be greater than said predetermined value or a 
busy status bit if the idle space is determined 
to be smaller than said predetermined value; 
and 

a plurality of input controllers associated 
respectively with said input buffers, each of the 
input controllers including memory means for 
storing said idle status bit and said busy status 
bit from said output controllers, and means for 
writing an incoming packet into the associated 
input buffer and reading the incoming packet 
therefrom onto the routing network if an idle 
status bit is stored in said memory means 
corresponding to the routing information of 
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said incoming packet. 

A packet switching system comprising: 

N input buffers connected respectively to 
N incoming links; 5 

N output buffers connected respectively to 
N outgoing links; 

a self-routing network connected between 
said input buffers and said output buffers for 
routing packets from the input buffers to the 10 
output buffers according to routing information 
contained in the packets; 

N output controllers associated respective- 
ly with said output buffers, each of the output 
controllers determining an idle space of the is 
associated output buffer which is available for 
storing additional packets and determining 
whether the idle space is greater than N, and 
generating an idle status bit if the idle space is 
determined to be greater than N or a busy 20 
status bit if the idle space is determined to be 
smaller than N; and 

N input controllers associated respectively 
with said input buffers, each of the input con- 
trollers including memory means for storing 25 
said idle status bit and said busy status bit 
from said output controllers, and means for 
writing an incoming packet into the associated 
input buffer and reading the incoming packet 
therefrom onto the self-routing network if an 30 
idle status bit is stored in said memory means 
corresponding to the routing information of 
said incoming packet. 

A packet switching system comprising: 35 

a plurality of input buffers connected re- 
spectively to a plurality of incoming links; 

a plurality of output buffers connected re- 
spectively to a plurality of outgoing links; 

a self-routing network connected between 40 
said input buffers and said output buffers for 
routing packets from the input buffers to the 
output buffers according to routing information 
contained in the packets; 

a plurality of output controllers associated 45 
respectively with said output buffers, each of 
the output controllers determining an idle 
space of the associated output buffer which is 
available for storing additional point-to-point 
packets and additional multicast packets, de- so 
termining whether the idle space of point-to- 
point packets is greater than a first predeter- 
mined value, determining whether the idle 
space of multicast packets is greater than a 
second predetermined value smaller than said 55 
first predetermined value, generating a first idle 
status bit or a first busy status bit if the idle 
space is determined to be greater or smaller 



than said first predetermined value, respec- 
tively, and generating a second idle status bit 
or a second busy status bit if the idle space is 
determined to be greater or smaller than said 
second predetermined value, respectively; and 
a plurality of input controllers associated 
respectively with said input buffers, each of the 
input controllers including memory means for 
storing said first idle and busy status bits and 
second idle and busy status bits from said 
output controllers, and means for writing an 
incoming point-to-point packet into the asso- 
ciated input buffer and reading the incoming 
point-to-point packet therefrom onto the self- 
routing network if a first idle bit from is stored 
in said memory means corresponding to the 
routing information of the incoming point-to- 
point packet, storing an incoming multicast 
packet into the associated input buffer and 
reading the incoming multicast packet there- 
from onto the self-routing network if a second 
idle status bit is stored in said memory means 
corresponding to the incoming multicast pack- 
et. 

4. A packet switching system comprising: 

N input buffers connected respectively to 
N incoming links; 

N output buffers connected respectively to 
N outgoing links; 

a self-routing network connected between 
said input buffers and said output buffers for 
routing packets from the input buffers to the 
output buffers according to routing information 
contained in the packets; 

N output controllers associated respective- 
ly with said output buffers, each of the output 
controllers determining an idle space of the 
associated output buffer which is available for 
storing additional point-to-point packets and 
additional multicast packets, determining 
whether the idle space of point-to-point pack- 
ets is greater than M greater than N and 
whether the idle space of multicast packets is 
greater than N, generating a first idle status bit 
or a first busy status bit if the idle space is 
determined to be greater or smaller than M, 
respectively, and generating a second idle sta- 
tus bit or a second busy status bit if the idle 
space is determined to be greater or smaller 
than N, respectively; and 

N input controllers associated respectively 
with said input buffers, each of the input con- 
trollers including memory means for storing 
the first idle and busy status bits and the 
second idle and busy status bits from said 
output controllers, and means for writing an 
incoming point-to-point packet into the asso- 
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ciated input buffer and reading the incoming 
point-to-point packet therefrom onto the self- 
routing network if a first idle status bit is stored 
in said memory means corresponding to the 
routing information of the incoming point-to- 5 
point packet, writing an incoming multicast 
packet into the associated input buffer and 
reading the incoming multicast packet there- 
from onto the self-routing network if a second 
idle status bit is stored in said memory means 10 
corresponding to the incoming multicast pack- 
et. 

5. A packet switching system as claimed, in claim 

1 , 2, 3 or 4, wherein each of said input control- 75 
lers comprises: 

an idle address queue; 

a high priority queue and a low priority 
queue; 

first selector means for retrieving an ad- 20 
dress signal from said idle address queue and 
writing an incoming packet into a location of 
the associated input buffer specified by the 
retrieved address signal, and writing the re- 
trieved address signal into one of said high 25 
and low priority queues according to priority of 
the incoming packet; 

second selector means for retrieving an 
address signal from each of said high and low 
priority queues, retrieving an idle/busy status 30 
bit from said memory means corresponding to 
the retrieved address signal, determining 
whether the retrieved idle/busy status is 0 or 1 , 
and supplying the retrieved address signal to 
said idle address queue and to the associated 35 
input buffer when the retrieved idle/busy status 
bit is determined to be 0 for reading, a packet 
from the associated input buffer onto the self- 
routing network, or leaving the retrieved ad- 
dress signal in said first and second priority aq 
queues if the retrieved idle/busy status bit is 
determined to be 1, 

each of said output buffers including a 
high priority memory for storing packets of 
high priority and a low priority memory for 45 
storing packets of low priority, 

each of the output controllers including 
means for forwarding a packet from the high 
priority memory of the associated output buffer 
to the associated outgoing link earlier than a 50 
packet from the low priority memory of the 
associated output buffer when more than one 
packet exists simultaneously in said high and 
low priority memories of the associated output 
buffer. 55 

6. A packet switching system as claimed in claim 
1 , 2, 3 or 4, wherein each of said input control- 



lers comprises: 

an idle address queue; 

a plurality of busy address queues; 

first selector means for retrieving an ad- 
dress signal from said idle address queue and 
writing an incoming packet into the associated 
input buffer corresponding to the retrieved ad- 
dress signal, and writing the retrieved address 
signal into one of said busy address queues 
according to the routing information of the in- 
coming packet; and 

second selector means for retrieving an 
address signal from each of said busy address 
queues, retrieving an idle/busy status bit from 
said memory means corresponding to the ad- 
dress signal retrieved from said busy address 
queues, determining whether the retrieved 
idle/busy status is 0 or 1, and supplying the 
retrieved address signal to said idle address 
queue and to the associated input buffer If the 
retrieved idle/busy status bit is determined to 
be 0 for reading a packet from the associated 
input buffer onto the self-routing network, or 
leaving the retrieved address signal in said 
busy address queues if the retrieved idle/busy 
status bit is determined to be 1 . 

7. A packet switching system as claimed in claim 
1, 2, 3 or 4, wherein each of said input control- 
lers comprises: 

an idle address queue; 

a plurality of busy address queues; 

first selector means for retrieving an ad- 
dress signal from said idle address queue and 
writing an incoming packet into the associated 
input buffer corresponding to the retrieved ad- 
dress signal, and writing the retrieved address 
signal into one of said busy address queues 
according to the routing information of the in- 
coming packet; and 

second selector means for retrieving an 
address signal from said busy address queues 
according priority of packets stored therein, 
retrieving an idle/busy status bit from said 
memory means corresponding to the address 
signal retrieved from said busy address 
queues, determining whether the retrieved 
idle/busy status is 0 or 1, and supplying the 
retrieved address signal to said idle address 
queue and to the associated input buffer if the 
retrieved idle/busy status bit is determined to 
be 0 for reading a packet from the associated 
input buffer onto the self-routing network, or 
leaving the retrieved address signal in said 
busy address queues if the retrieved idle/busy 
status bit is determined to be 1. 
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8. A packet switching system as claimed In claim 
1, 2, 3 or 4, further comprising means for 
sequentially receiving an idle/busy status bit 
from each of said output controllers and gen- 
erating a write address signal and broadcasting 5 
the write address signal together with the 
idle/busy status to all of said input controllers 
■ for writing the idle/busy status bit into the 
memory means of said input controllers. 

70 
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is generated and if the idle space is determined to be 
smaller than the predetermined value, a busy status bit 
is generated. The idle and busy status bits are broad- 
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